Objective To examine the relationship of grit, an intrapersonal characteristic defined by perseverance and passion for long-term goals, to health care management skills and adolescent and young adult (AYA) health-related quality of life (HRQoL). Higher levels of grit were expected to relate to greater health care management skills and HRQoL, and skills were predicted to mediate the relationship between grit and HRQoL. Methods Four hundred seventy undergraduates (Mdn age ¼19, interquartile range ¼ 2) completed online questionnaires, including the short Grit Scale, Transition Readiness Assessment Questionnaire, and 36-Item Short Form Survey (SF-36) (HRQoL). Results Higher grit related to greater health care management skills (R 2
of health care behaviors, in an understudied population.
Health-related quality of life (HRQoL), which encompasses individual functioning and perception of both mental and physical domains of well-being (e.g., emotional well-being [EWB] and role limitations owing to physical health), has only recently been investigated as an important outcome in the college student population (Farivar, Cunningham, & Hays, 2007; McGrath, O'malley, & Hendrix, 2011) . Lower HRQoL has been associated with a number of other negative outcomes, such as poor academic functioning, emergency service utilization, mortality, and obesity, as well as increased risky health behaviors among typically healthy college students (DeBerard, Speilmans, & Julka, 2004; Kanwal et al., 2009; Magid, Houry, Ellis, Lyons, & Rumsfeld, 2004; Swallen, Reither, Haas, & Meier, 2005; Zahran, Zack, Vernon-Smiley, & Hertz, 2007) . Although HRQoL is most frequently assessed in the context of chronic health problems, the strong links between HRQoL and these other negative outcomes, in conjunction with the heightened risk for poor psychological and physical health among all college students, suggests the relevance of examining HRQoL in a healthy college student population (Brougham, Zail, Mendoza, & Miller, 2009; Compas, Wagner, Slavin, & Vannatta, 1986; Drotar, 2014; Dusselier, Dunn, Wang, Shelley, & Whalen, 2005) .
Importantly, literature indicates that health care management skills are linked to HRQoL, as well as treatment adherence, illustrating the value of targeting these skills to improve functioning in college students (Ferris et al., 2015; Rosen, Annunziato, Colombel, Dubinsky, & Benkov, 2016; Sharma, O'Hare, Antonelli, & Sawicki, 2014; Uzark et al., 2015) . Additionally, skills such as competently communicating with providers, and medication self-management, have been directly linked to health outcomes in chronic illness populations. These skills have also been studied as indicators of transition readiness, a measurement of an individual's readiness to transfer to selfmanaged adult care (Monaghan, Hilliard, Sweenie, & Riekert, 2013; Sawicki et al., 2011; Schwartz, Tuchman, Hobbie, & Ginsberg, 2011) . Notably, the current literature on health care management skills focuses almost exclusively on youth with specialized health care needs (McManus et al., 2015) . However, the AYA years are a pivotal time for the development of long-term health behaviors for all youth, necessitating greater research into strategies for preventing healthy young adults from dropping out of the health care system, discontinuing monitoring of health outcomes, and eschewing primary care services (Viner et al., 2012) . Therefore, it is vitally important to investigate health care management skills as a mechanism for improving HRQoL in all youth, not just those with a chronic health condition (McDonagh, Shaw, & Southwood, 2006) .
To better understand the factors that influence health care management skills among AYAs, researchers have examined a variety of predictors, including personality characteristics, such as conscientiousness (Bogg & Roberts, 2004; Raynor & Levine, 2009; Von Ah, Ebert, Ngamvitroj, Park, & Kang, 2004) , and cognitive appraisal variables, such as selfefficacy (Huang et al., 2014; Treadwell et al., 2015) . However, the intrapersonal construct of grit appears to be one relatively new and overlooked construct that could play an important role in college student health (Duckworth, Peterson, Matthews, & Kelly, 2007) . Grit is described as a commitment to longterm goal attainment, in conjunction with the ability to persist through barriers (Duckworth et al., 2007) . Rather than seeking immediate satisfaction and success, individuals with higher levels of grit strenuously strive for objectives that take years and unwavering effort, which differentiates grit from the more shortterm focused characteristic of conscientiousness (Duckworth et al., 2007) . Among AYAs, grit has been shown to be an important predictor of longterm success in terms of graduating high school, college Grade Point Average (GPA), and academic retention, as well as in relation to psychological wellbeing and life satisfaction (Cross, 2014; Duckworth et al., 2007; Singh & Jha, 2008; Vainio & Daukantait _ e, 2015) . Owing to the clear contextual relevance of grit among college-aged populations, the extension of this construct into investigations of AYA health and quality of life is warranted.
Indeed, according to Aspinwall and Pengchit's (2013) model, which posits that positive phenomena impact human health through health care behavior, grit could reasonably have an significant impact on health care management skills and HRQoL. This framework theorizes that positive factors prospectively influence a variety of health outcomes through five interactive pathways, including biological, cognitive and emotional, coping, social, and behavioral. Navigating the responsibility of managing one's own health care in a new adult-centered system and maintaining one's health during the transition to college are certainly goals that require the perseverance and sustained attentiveness that define grit. Fitting with this model, health care management skills may be a behavioral mediator between grit, a positive phenomenon, and the outcome of HRQoL. Although the extant literature indicates that grit is a domain-general construct distinct from other variables such as selfcontrol, it has not yet been examined as a meaningful construct within the context of health care management skills (Duckworth & Gross, 2014) . Thus far, an initial study has demonstrated that grit is positively associated with exercise behavior, but no other research has evaluated grit's relationship with healthrelated skills or quality of life (Reed, Pritschet, & Cutton, 2013) . Although the relationship between aspects of mental HRQoL and grit has been previously supported, this recent finding suggests that physical fitness and health behaviors that comprise physical HRQoL could also relate positively to grit.
The present preliminary study, based on Aspinwall and Pengchit's (2013) model, sought to expand the current understanding of the role of grit within the context of health, specifically among college students. Specifically, the primary aim was to assess the relationship between grit, health care management skills, and HRQoL in college students, a population in which grit has been linked to a number of important academic outcomes (Duckworth et al., 2007; Singh & Jha, 2008) . We anticipated that grit would be associated with both higher levels of health care management skills and greater physical and mental HRQoL. Our second aim was based on the literature indicating that health care management skills are importantly related to HRQoL. Therefore, we predicted that health care management skills would mediate the relationship between grit and HRQoL, such that higher grit would be associated with higher levels of health care management skills, which in turn would relate to both greater physical and mental HRQoL. Following these results, we conducted exploratory analyses to assess the relationship between grit and the individual subscales of HRQoL.
Methods

Participants
The initial sample included 751 college students from a large, Midwestern university who were recruited, consented, and completed questionnaires via an online survey portal. Undergraduate students enrolled in psychology courses, as well as students in other departments, have access to the online survey portal. After removing participants with significant missing data or invalid completion owing to a formatting error, 470 valid cases remained. There was no detectable pattern in the missing data, and thus, it is believed to have no impact on the study's findings. College students between the ages of 18 and 23, who did not report a history of chronic illness (i.e., any condition including, but not limited to, epilepsy, diabetes, cancer, asthma), were recruited into the sample and compensated with course credit. Given the focus on healthy, nonchronically ill students, those with selfreported chronic illnesses were excluded in this preliminary study to control for confounding effects. The study was approved by the institutional review board and all procedures adhered to American Psychological Association (APA) ethical guidelines.
Measures
Demographic Characteristics
Demographic information, including age, sex, ethnicity, and education (i.e., year in college) were collected. For the purpose of statistical analyses, ethnicity was collapsed into a dichotomized variable (i.e., White and non-White), and education was collapsed into a dichotomized variable (i.e., underclassmen and upperclassmen).
Short Grit Scale
The Short Grit Scale is an eight-item self-report Likert scale measure designed to assess an individual's ability to persevere and sustain interest in pursuit of longterm goals (Duckworth & Quinn, 2009 ). The scale includes items such as "setbacks don't discourage me." The measure has been widely applied within academic and professional settings. The grit score is calculated via the average of the eight items, to provide an estimation of individual grittiness that ranges from zero to five. A higher average score is reflective of greater grit. Internal consistency of the measure was adequate and consistent with previous studies (a ¼ .75).
Transition Readiness Assessment Questionnaire
The Transition Readiness Assessment Questionnaire (TRAQ) is a 20-item self-report measure used to assess readiness to transition from pediatric to adult health care (Sawicki et al., 2011) . The measure has largely been used to assess transition readiness by measuring health care management skills, with the idea that better health care management skills relate to greater readiness to transition into adult health care. For this study, the TRAQ was used as a measure of overall health care management skills. As the TRAQ measures skills directly relevant for all individuals who manage their own health care, such as skills required for seeking care for an acute problem, and does not consist of illness-specific items, we believed this was an appropriate use of the measure. Domains of health care management skills measured include managing medications, appointment keeping, tracking health issues, talking with providers, and managing daily activities. Individuals are asked to describe their skill level for questions, such as "do you follow-up on any referrals for tests or check-ups or labs?" The scores range from 0 to 5, and a higher TRAQ score is consistent with greater health care management skills. Consistent with the literature, the scale had high internal consistency (a ¼ .93).
Rand SF-36 Health Survey
The SF-36 is a 36-item self-report measure assessing HRQoL and general health (GH) status across eight domains (Hays, Sherbourne, & Mazel, 1993) . The subscales include physical functioning, role limitation owing to physical health, role limitation owing to emotional problems, energy/fatigue (vitality), EWB, social functioning, pain, and GH. Composite scores were calculated to assess mental HRQoL (mental health composite, MHC) and physical HRQoL (physical health composite, PHC). Higher scores on all of the SF-36 composite scores and subscales indicate better quality of life. Internal consistency was high (a ¼ .90-.93).
Overview of Analyses
First, bivariate correlations were conducted to ascertain relationships between demographic covariates and our primary variables. A series of hierarchical multiple regressions were conducted to test our first aim. Specifically, it was hypothesized that grit would be associated with health care management skills and mental and physical HRQoL, while controlling for demographic characteristics. Demographics (i.e., age, sex, ethnicity, and education level) were entered into the first step of each regression and grit was entered in Step 2, with health care management skills and HRQoL as the primary outcomes. The second aim, which hypothesized that health care skills would mediate the relationship between grit and HRQoL, was analyzed using the Preacher and Hayes (2008) macro, which evaluates direct and indirect effects with bias-corrected bootstrap confidence intervals (CIs). Two mediation models were conducted to test the mediating effect of health care management behaviors on both physical and mental HRQoL. Finally, as an exploratory analysis, the relationships between grit and HRQoL was further probed by evaluation of the eight dimensions of HRQoL as separate dependent variables.
Results
The majority of the sample were college freshman (61.3%), female (68.3%) and Caucasian (72.3%), with a median age of 19 (interquartile range ¼ 2; Table I ). Bivariate correlations revealed that there indeed was a significant association between the predictor, grit, and the primary outcomes of health care management skills (TRAQ), and the two main components of HRQoL (i.e., MHC and PHC). Owing to significant correlations between our primary variables and demographic characteristics, we controlled for age, sex, ethnicity, and education level in all subsequent analyses (Table II) Health Care Management Skills A hierarchical multiple regression was calculated to test the association between grit and health care management skills (TRAQ scores), while controlling for demographic characteristics. The demographic characteristics were entered first (R 2 ¼ 0.08; p < .001). Grit was entered at Step 2, and the overall model was significant (p < .001) with grit accounting for an additional 7.1% (F(1, 464) ¼ 38.61, p < .001) of the variance in health care management skills.
Health-Related Quality of Life
Two sets of hierarchical multiple regressions were used to test the hypothesis that grit would predict both MHC and PHC, while controlling for demographic characteristics. For the MHC model, demographic characteristics were entered first (R 2 ¼ 0.03, p < .05). Grit was entered second, and the overall model was significant (p < .001) with grit accounting for an additional 21.0% (F(1, 464) ¼ 127.76, p < .001) of the variance in MHC. For PHC, demographic characteristics were entered first (p ¼ .12). Grit was entered second, and the overall model was significant (p < .001), with grit accounting for an additional 9.8% (F(1, 464) ¼ 51.34, p < .001) of the variance. The hierarchical regression results can be found in Table III .
Mediating Effect of Health Care Management Skills
After assessing the positive impact of grit on both health care management skills and HRQoL, our secondary aim was to assess the extent to which health care management skills mediated the relationship between grit and HRQoL, hypothesizing that higher grit would be associated with better health care management skills, which would in turn relate to greater physical and mental HRQoL. The predicted model is illustrated in Figure 1 .
Multiple hierarchical regression analysis with demographics entered at Step 1 (p ¼ .12) and health care management skills entered at Step 2 (R 2 ¼ 0.05; F(5, 464) ¼ 5.13, p < .001) revealed that health care management skills significantly predict an additional 3.7% (F(1, 464) Multiple hierarchical regression analysis with demographics entered at Step 1 (R 2 ¼ 0.03; p < .05) and health care management skills entered at Step 2 (R 2 ¼ 0.06; F(5, 464) ¼ 6.31, p < .001) revealed that health care management skills significantly predict an additional 3.8% (F(1, 464) ¼ 18.67, p < .001) of the variance in MHC. Health care management skills were then tested as a mediator between grit and MHC. While the overall model significantly accounted for 24.11% of the variance in MHC (F(6, 463) ¼ 24.52, p < .001), there was not a significant indirect effect of grit on MHC through health care management skills (point estimate ¼ 0.35, 95% CI [0.04, 0.78], p > .05). Thus, our hypotheses were only partially supported, such that health care management skills mediate the relationship between grit and physical HRQoL, but not mental HRQoL.
Exploratory Analyses
Based on what appeared to be differential patterns of interrelationships, we chose to further explore the relationship between grit and HRQoL, with the four domains of PHC and the four domains of MHC analyzed as separate outcomes. The most salient results are highlighted here, and the remaining regression analyses are presented in Table IV . In the hierarchical regression examining the effect of grit on GH, demographic characteristics were entered in the first step and did not produce a significant model (p ¼ .11). Grit was entered in the second step, accounting for an additional 16.1% (F(1, 464) In the hierarchical multiple regression testing the effect of grit on the energy and fatigue (EF) subscale, demographic characteristics significantly contributed to the variance in the EF subscale (R 2 ¼ 0.02; p ¼ .02). Grit was entered in the second step, and the overall model was significant (p < .001), with grit predicting an additional 17.0% (F(1, 464) ¼ 97.78, p < .001) of the variance in EF.
Discussion
The current study evaluated the role of grit in college student health, specifically in relationship to health care management skills and quality of life. Overall, our hypotheses were supported, such that grit was positively related to subjective reports of physical and psychological health dimensions of HRQoL, as well as health care management skills in college students. Additionally, analyses revealed that health care management skills mediated the relationship between grit and physical HRQoL, providing support for Aspinwall and Pengchit's (2013) model. Our findings are consistent with previous research linking grit to success and well-being in AYAs, but expand the literature by demonstrating grit's association to both health care management skills and HRQoL (Vainio & Daukantait_ e, 2015) .
Notably, grit accounted for the most variance in outcomes including EWB, GH, and vitality (i.e., EF); however, the mediation analysis revealed an indirect relationship through health care management only for physical HRQoL, but not mental HRQoL. It is possible that health care management skills, as measured by the TRAQ, are less essential to the maintenance of mental health than to physical health. However, the exploratory analyses indicated that grit has a direct relationship with the mental HRQoL subscales, suggesting that researchers should explore the potential presence of other mediating variables. For instance, Aspinwall and Pengchit's (2013) model proposes that cognitive appraisals or coping mechanisms could be mediators between positive phenomena, such as grit, and health-related outcomes. Additionally, there may be sex differences in how grit affects health-related outcomes, especially mental HRQoL, as indicated by the significant effect of sex in multiple analyses. Further, the lack of a significant effect of age in the majority of analyses may suggest an absence of developmental effects of grit on HRQoL. However, our sample was limited to college-aged individuals (and thus age restricted) and future investigations of the developmental trajectory of grit within a health context may reveal a more nuanced understanding of the stability or growth of grit over time, and the possible differences in grit's relationship to health care management skills and HRQoL. Nevertheless, these findings illustrate the possibilities for future investigations between grit and other positive psychology concepts to a range of health-related variables (Conversano et al., 2010; Bellizzi et al., 2010; Posadzki, Musonda, Debska, & Polczyk, 2009) .
Recently, there has been a call for greater research on the development of tailored intervention programs for AYAs, with the intention of honing health care skills and transition abilities (American Academy of Pediatrics et al., 2011; Sharma et al., 2014) . Although most interventions are developed for AYAs with specialized health care needs, ensuring the successful transfer of healthy AYAs to adult-centered care is still an important goal to consider. Our findings bear on this issue by investigating health care management skills and HRQoL, both of which are vital aspects of successful transition. Recent evaluations of health care transition interventions have focused on factors such as identifying optimal education strategies and intervention settings, but few have focused on identifying intrapersonal resources, such as grit, as a possible target to improve transition outcomes (Crowley, Wolfe, Lock, & McKee, 2011) . Thus, future research could investigate the implementation of programs that include the promotion of grit, which could function to improve transition and HRQoL. For instance, an intervention could potentially increase gritty behaviors, as they relate to health care, such as exercise or medication adherence, with the simultaneous benefit of increasing perseverance across domains of life (Duckworth, Kirby, Tsukayama, Berstein, & Ericsson, 2011; Duckworth et al., 2007; Eskreis-Winkler et al., 2014) . Evaluation of the use of the grit scale as a screening tool in college health centers may also be of benefit for identifying individuals at risk for negative outcomes, such as reduced HRQoL. Additionally, future research could examine the role of parental involvement in health care and other parenting variables on the development of grit and the relationship between grit and health-related outcomes (Schwartz et al., 2011) . The examination of health care management skills as a mediator between grit and HRQoL also suggests that these skills are a mechanism through which HRQoL outcomes can potentially be improved. Thus far, research on interventions to promote grit is limited and is centered on academic outcomes (Duckworth et al., 2011) . Though speculative, it is possible that cognitive-behavioral techniques, such as goal-setting and cognitive restructuring, could facilitate the development of grit for the purpose of promoting health care management skills and in turn improved quality of life. However, the relationship between health care management skills and HRQoL in our mediation model indicates that the continued use of interventions aimed at skill development remains a potentially effective approach for increasing HRQoL.
Although the present study provides a valuable preliminary assessment of the role of grit within a college student health context, a few limitations should be considered. First, we note that the cross-sectional design of this study precludes any causal conclusions. Second, the study relies on self-report measures, and as such shared method variance and response bias remain concerns. In this vein, future research should use a longitudinal design with a multi-method approach to assessment, including a more direct assessment of health care behaviors, such as the tasks necessary for using the student health center (i.e., scheduling appointments, following recommendations), and evaluation of other covariates, such as insurance coverage and whether the student has switched to an adult primary care provider. Additionally, owing to the predominantly Caucasian sample, generalizability of this study to all college students may not be applicable. Although we found relatively high scores across our primary predictor and outcome variables, there was sufficient variability in scores to statistically detect important interrelationships, many of which were highly consistent with our model. However, we do recognize that the relatively high scores may have some implications for generalizability of these results to other populations. In addition, it may also be that students who complete course credit evidence higher grit.
Despite these limitations, the current study suggests that grit plays an important role within the context of college student health. This study is an important first step toward better addressing the needs of this population known to be at risk for negative physical and psychological outcomes. To our knowledge, no other research has investigated how grit broadly relates to health outcomes, but this preliminary study could serve as an impetus for future research. Importantly, it is well-documented that children and AYAs with chronic conditions report significantly lower HRQoL (Herts, Wallis, & Maslow, 2014; Varni, Limbers, & Burwinkle, 2007) . Given the association between grit and HRQoL in our general sample of college students, though not necessarily generalizable to other populations, an additional direction for future research should be the examination of the role of grit among chronic illness populations, such as those AYAs who grew up with a chronic illness. More specifically, the evaluation of grit may be especially relevant in understanding and facilitating resilience among AYAs with chronic health conditions owing to the research that this population tends to struggle with transition (American Academy of Pediatrics et al., 2011) .
